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A b s t r a c t
The  paper  presents  the  adaptive,  reactive  computer  assistance  system  design  methodology,  making 
modelling, analysis, and testing possible of the integrated waste management systems. The presented model 
is defined in a multilayer open architecture, i.e.-, it consists of the logical spaces of the constituent models 
(submodels) of  the object  classes and  real processes of  the waste management  system. Topics covered 
by the paper include elements of a literature review on the modelling of systems and waste management 
processes,  review  of  the  programming  environments  employed,  as well  as  a  description  of  the  object- 
-oriented waste management systems design methodology.
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modelling of elementary processes


















pollutants  from  technological  processes,  the  object-oriented  design  methodology  was 









new  solution  is  the  algorithm  for  transforming  the  graphical  part  of  the  digital map  into 
the  graph  structure  used  in  the  optimisation  processes  [1].  The  new  algorithms  made  it 
possible  to  develop many  solutions  in  the  area  of  object-oriented  design  and  analysis  of 
waste management systems.
2. Theory of the waste management systems
A waste management system is defined as a set of elements (objects, processes) linked by 
relationships. Figure 1 presents the schematic diagram of the integrated municipal, industrial 





of  the  global waste management  system  is  aimed  at  separation  the  so-called  subsystems, 

















































































































4. Model of the waste management system
Simulation of real waste management systems, encompassing all constituent processes 
consists in representation of the occurring physical phenomena as mathematical relationships 
describing  roughly  the  nature  of  the  particular  processes  [11].  Because  of  the  complex 
nature of the analysed problems the numerical model was designed using an object-oriented 
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methodology,  as  a  computer  implementation  of  data  sets  and mathematical  equations,  in 
software  code  developed  with  high-level  languages.  The  definition  of  the  object  model 








The  concept  of  the  model  is  based  on  using  the  object-oriented  design  and  analysis 
methodology  simulates  the  real  elementary  (constituent) processes of waste management. 





account  the  specific  features  of  the  modelled  problems.  The  object-oriented  model  was 























the  routes  of  the  means  of  transport  (travelling  salesman  algorithm,  Floyd  and  Dijkstra 
algorithm), elementary processes control parameters (task queuing and allocation, allocation 
control  taking  transport  into account), parameters of  technological processes affecting  the 
emission  amount  of  the  polluting  substances,  parameters  of  the  load  distribution  (using 
















– submodel of  the hydro-dynamical dispersion allowing for  the diffusion, advection, and 
sorption processes,




model and  the set of methods  in  the  form of a data processing algorithms.  In  the case of 
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the  continuous models/submodels  the  ordinary  (partial)  differential  equations  are  used  to 
formulate the methods; whereas, in the case of the discrete models, difference equations are 
used,  obtained by discretization of  time and  space. The data  structure  sets describing  the 






as  georelational  database  tables.  Employment  of  graph  structures  to  describe  particular 
models  or  submodels was  dictated  by  the  use  of    discrete  algorithms  in  the  optimization 
processes and in the design methodology of the numerical object models.
4.3.  Object-oriented model (global)




CONTINUOUS MATHEMATICAL MODEL (REPRESENTED BY THE SET 
OF ORDINARY AND PARTIAL DIFFERENTIAL EQUATIONS) 
⇒
DISCRETIZATION OPERATIONS
 DISCRETE MATHEMATICAL MODEL ⇒ 






the  topology  of  the  object-oriented waste management  system  allowing  for  the  elements 
of  hierarchical  inheritance  of  fields  and  properties.  The  presented  schematic  diagram  of 
classes is the result of specialization of the general model of the waste management system 
(Fig. 2). The system model  topology consists of  three  logically  linked parts,  featuring the 
representation  of  the  analytical  methods  (the  abstract  part  of  the  model),  graphical  user 






















































































































Data  types  were  defined  based  on  data  sets  describing  the  discrete,  deterministic 
mathematical model  of  the  particular  submodels  of  the  elementary  processes  and  system 
elements (Fig. 4). The general data model on which definitions are based of the specialized 
templates included the definition of simple types (simple, string, pointer, variant, procedural) 








Processing methods of data structures
Data processing methods feature the direct implementation of the algebraic expressions 
defined  in  the mathematical model,  in  the  form  of  the  source  code  of  the Object  Pascal 
language  (Delphi environment). Their main classification  includes:  static methods, virtual 
and dynamic methods, abstract methods, constructors, destructors, event methods, exception 
methods  and  class methods. A  detailed  classification was  carried  out within  the methods 




– methods  used  to  perform  operations  on  the  physical  data  set  (Dataset  methods)  and  
Input/Output methods.
Data management methods




software  code  level  of  the Delphi  application  though  the  database  alias  using  the ODBC 
standard. The set of model database tables created under Microsoft Access,  is represented 
by the TDataModule class type, making it possible to group the non-visual elements of the 
data  type  edition  (TSession, TSessionList, TDatabase, TTable, TQuery, TStoredProc,  and 
TBatchMove). This solution was chosen because of the necessity to store the data structures 
in  the mass memory of  the computer  system. Data access methods are  realized using  the 
predefined methods in the TDataSet class. Saving the data and results to the database table is 
carried out by the method – procedure InsertRecord (list of variables).
Visualisation methods of data structures elements












structures,  storing  the  results of  the simulation of  real processes.   Access  to data  is made 
possible by methods predefined in the TDataset class of the integrated Delphi environment, 










































5. Design of models
Design of models or submodels of the constituent elements of the global model of the 
























The  model  of  the  abstract  methods  of  data  structures  processing  is  represented  by 
the  TWMSComputationMetModel  class  type,  which  is  anderived  type  with  respect  to  



















properties  describing  parameters  of  the  particular model  and  the  set  of methods making 
it possible  to perform the main operations on  the fields of  the class object. The particular 












































6. Using an object-oriented methodology for modeling of elementary processes 







Separated  combustible  species  (plastics,  paper,  rubber,  textiles,  wood),  as  well  as 
those obtained from agricultural processing (straw, sunflower waste, sugar beets and  their 






The  optimization  problem  of  the  fuel  formation  process  from  selected  combustible 
fractions of waste consists of  the maximization of  the objective function which is defined 
(formulated) in standard form (1,3):
 max , { : , , }max minu S d
T nW u S u R Au b Au b u∈ = ∈ ≤ ≥ ≥ 0   (1)
where: Wd
T  – denotes  j  dimension vector  (number of  fractions which  take part  in  fuel 
component  formation  process)  of  components  (wj),  denoting  lower  calorific  values  of 
formed  fuel  components. Therefore  optimization  process  resolves  to  linear  programming 
problem (linear objective function and linear limitations) with limitations Eq. (1) imposed 
on decision variables determined by vector U, of components  (uj), determining  ipso facto 
the  set of permissible  solutions. Because  the  solution of  the  linear programming problem 





vector  ( )U j  in defined scopes determined by the equation:
U
min
 ≤ U ≤ U
max
Model validation
The  calculation  procedures  outlined  above  are  embodied  in  a  numerical  model 
programmed  in  the  Pascal  (Delphi  5.0)  high-level  object-oriented  language  (2),  with  
a graphical Windows-based user interface (Fig. 9 and 10). In order to verify our numerical 















T a b l e   1
Mass composition of components P1 and P2
Fuel components Mass fractions in components P1 and P2 (kg i/kg)
c s h o n w p cl
P1 (coal) 0,60350 0,00270 0,04100 0,08970 0,00010 0,07140 0,18420 0,00740
P2 (biomass) 0,52010 0,00720 0,06960 0,21860 0,13580 0,00000 0,04710 0,00160
T a b l e   2
Constraints for optimization procedure
Mass fraction in formed fuel (kg i/kg)
c s h o n w p cl
Criterium < 0,02 < 0,003
Fig.  9.  Main form of application with lap of fuel/fraction component of formed fuel








Fig.  12.  Comparison between measured and simulated chlorine and sulphur concentration 
in formed fuel
Rys.  12.  Porównanie wartości pomiarowych z symulowanymi wartościami udziałów gramowych 
składników chloru i siarki w paliwie formowanym
Application of  the modified simplex algorithm for  fuel  formation process allowed  the 











b a u a u b1 11 1 12 2 1






b a u a u b2 21 1 22 2 2






Symbols  b b b b1 1 2 2
min max min max, , ,and  denotes allowable values of sulphur and chlorine 
mass fractions in components of  the formed fuel respectively  b1 0
min ,≥ b1




and b b cl2 20 0 003









The model of  the  fuel  combustion process  consists of data  sets  (parameters) uniquely 
identifying  the  process which  define  the model,  and  data  conversion methods-algorithms 
(mass balance equations and equation of stoichiometry computation).
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The  acceptable  agreement  between  our  simulation  results  and  the  measured  data 
demonstrates that the model can reasonably simulate the real process of fuel formation.
T a b l e  3





P1 P2 (SO2)-simulated (SO2)’ -measured (HCl)-Simulated (HCl)’-measured
0.01 0.99 0,000678 0,000672 0,000142 0,000113359
0.02 0.98 0,000674 0,000665 0,000147 0,000121646
0.03 0.97 0,000669 0,000652 0,000151 0,000147634
0.04 0.96 0,000664 0,000658 0,000156 0,000154863
0.05 0.95 0,000660 0,000633 0,000161 0,000193337
0.06 0.94 0,000655 0,000632 0,000166 0,000149358
0.07 0.93 0,000650 0,000663 0,000171 0,000187864
0.08 0.92 0,000646 0,000640 0,000176 0,000174031
0.09 0.91 0,000641 0,000615 0,000180 0,000173214
0.10 0.90 0,000636 0,000631 0,000185 0,000222295
0.11 0.89 0,000632 0,000594 0,000190 0,000209059
0.12 0.88 0,000627 0,000583 0,000195 0,000181215
0.13 0.87 0,000622 0,000598 0,000200 0,000191665
0.14 0.86 0,000618 0,000612 0,000204 0,000167641
0.15 0.85 0,000613 0,000608 0,000209 0,000207341
0.16 0.84 0,000609 0,000651 0,000214 0,000228982
0.17 0.83 0,000604 0,000616 0,000219 0,000223148
0.18 0.82 0,000599 0,000594 0,000224 0,000185537
0.19 0.81 0,000595 0,000589 0,000228 0,000226243
0.20 0.80 0,000590 0,000567 0,000233 0,000223729
0.21 0.79 0,000586 0,000580 0,000238 0,000235658
0.22 0.78 0,000581 0,000535 0,000243 0,000223137
0.23 0.77 0,000576 0,000565 0,000247 0,00024233








a multilayer open architecture, making  it  possible  to modify  the  source  code of  the  class 
definitions and methods representing the submodels of the decomposed global model. The 
model presented in this work was developed based on the object design and analysis methods 
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